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Description 



Electric Motor with External Rotor 

Cross Reference to Related Applications 

[0001] This application is a divisional of U.S. Application Serial 

No. 10/064,427 filed January 12, 2002, and claims prior- 
ity of U.S. Provisional Application No. 60/175,782, filed 
January 12, 2000 and PCT/US01/01278 filed January 12, 
2001. 

Background of Invention 
Field of the Invention 

[0002] The invention relates to improvements in an electric mo- 
tor; and more particularly, to an electric motor having an 
external rotor. 
Description of the Related Art 

[0003] Electric motors are commonly used in many different 

commercial and residential applications. An electric motor 
typically comprises a rotor and a stator, each of the rotor 
and stator having multiple magnets disposed about the 



periphery. The poles of the magnets on the rotor and the 
poles of the magnets on the stator are controlled such 
that the poles of the rotor are drawn to or repulsed from a 
corresponding pole on the stator to effect the rotation of 
the rotor relative to the stator. The control of the poles is 
normally accomplished by at least one of the series of 
magnets on either the rotor or stator being made from an 
electromagnetic winding whose polarity can be altered by 
changing the direction of current passing through the 
winding. 

[0004] | n mos t electric motors, the stator is part of or forms the 
external housing of the electric motor and the rotor com- 
prises a shaft mounted within the stator for relative rota- 
tion therein. However, in some applications, it is desirable 
for the rotor to be on the outside of the motor and the 
stator to be on the inside. This arrangement is sometimes 
called a squirrel cage motor. Most often, they are driven 
with brushless commutators and DC power, so they are 
also often called brushless DC motors (BLDC's). An electric 
motor having an external rotor is typically used to drive 
belts and the like while being positioned within the inte- 
rior of the belt. A suitable application for such a configu- 
ration would be a materials handling environment or a 



treadmill. 

[0005] Several problems are attendant to squirrel cage motors in 
materials handling applications. One difficulty associated 
with electric motors with external rotors is that power 
output is normally capped so that only short material 
handling runs can be driven by a single motor and only 
relatively light weight articles can be propelled by the mo- 
tor. Greater output power from an electric motor is typi- 
cally achieved by increasing the size of the components, 
but for a squirrel cage motor, increased size is impracti- 
cal. A larger diameter stator is undesirable because of 
added weight and the balance condition of the rotor. A 
longer length of the stator can result in deflection of the 
shaft mounting the stator in response to the magnetic at- 
traction between the rotor and the stator causing the rotor 
and stator to contact, reducing the motor's performance 
or, in extreme cases, prohibiting motor rotation alto- 
gether. 

[0006] Another difficulty is cooling the motor, especially at 

higher speeds or torques. At light loads or low speeds, 
cooling is not a problem, but with demands for such mo- 
tors having more power output and higher speeds, the 
need for transferring heat away from the rotating parts 



becomes apparent. Most small squirrel cage motors in 
material handling applications are cooled by internal oil, 
which creates seal problems. 
[0007] other problems with such motors include noise, assembly, 
and accurately controlling commutation for smooth oper- 
ation at low speeds and changes in speeds under torque. 
With higher torque output, especially at higher speeds, vi- 
brations and consequent noise can become unacceptable. 
Moreover, it is known to determine the position of the ro- 
tor relative to the stator by means of a Hall effect sensor, 
but it has been found that the accuracy of this method for 
controlling fine changes in speed or torque is unaccept- 
able. Yet further, the length of such motors is limited by 
their structures. For applications where wider belts are 
needed, e.g., treadmills, such a motor cannot effectively 
be a drive roller because it is not long enough. 
Summary of Invention 

[0008] These and other problems are solved by the present in- 
vention of a method of forming a winding core for an 
electric motor of the type comprising an internal stator, 
including a shaft fixedly mounted to a structural support 
and having multiple windings capable of reversible current 
flow to alter the winding polarity, and an external rotor 



rotatably mounted relative to the shaft and having multi- 
ple magnets radially spaced about the periphery of the 
stator, with each of the magnets having at least one pre- 
determined pole. The method comprises the steps of pro- 
viding a shaft with a keyway; providing plates, each having 
radial poles with caps at the end of each pole and a key 
corresponding in shape to the keyway; providing a stop 
on the shaft; sliding each plate on the shaft following the 
keyway with the first plate bearing against the stop until a 
plurality of plates are mounted to the shaft; compressing 
the plates to form a lamination; and securing a lock nut 
on the shaft adjacent to the last plate to hold the lamina- 
tion in compression. 
[0009] Preferably, the compression force is in a range of 6 X 10 4 

4 

to 10 X 10 Newtons. The stop can be an annular shoulder 
formed in the shaft. Further, the shaft has a longitudinal 
axis and the keyway can be axially oriented at an acute 
angle relative to the longitudinal axis so the keyway is 
skewed on the shaft. Preferably, a spacer is placed be- 
tween the stop and the first plate, and/or a spacer is 
placed between the last plate and the lock nut. Preferably, 
about 980 plates are placed on the shaft, each made of 
stamped tin about .35 mm thick before compression. 



Preferably, the plates are compressed by a hydraulic 
press, and the lock nut is threaded onto the shaft with 
sufficient torque to hold the lamination in compression. 
The method can also comprise the step of wrapping wire 
around the radial poles. The keyway can be oriented at an 
acute angle relative to the longitudinal axis of the shaft so 
it is skewed. 

[0010] An alternative method of forming the same type of wind- 
ing core comprises the steps of providing a hollow cylin- 
drical jig having at least one guide; providing plates, each 
having a central opening, radial poles with caps at the end 
of each pole, and having a guide corresponding in shape 
to mate with the guide in the jig; providing a stop in the 
jig; sliding each plate in the jig with the guide in the plate 
mating with the guide in the jig, and with the first plate 
bearing against the stop until a plurality of plates are dis- 
posed in the jig; pressing a shaft into the central open- 
ings; compressing the plates to form a lamination; and 
securing a lock nut on the shaft adjacent to the last plate 
to hold the lamination in compression. 

[0011] The compression force is preferably in a range of 6 X 10 4 

4 

to 10 X 10 Newtons. The guide in the jig can be an axial 
rib. Preferably, a spacer is disposed at each end of the 



lamination. Also, the plates can be compressed by a hy- 
draulic press, and the lock nut threaded onto the shaft 
with sufficient torque to hold the lamination in compres- 
sion. The method can also comprise the step of wrapping 
wire around the radial poles. The jig has a longitudinal 
axis and the guide can be disposed axially at an acute an- 
gle relative to the longitudinal axis so it is skewed. Prefer- 
ably the acute angle is 10°. The pressing step and the 
compressing steps can occur simultaneously. 
Brief Description of Drawings 

[0012] in the drawings: 

[0013] FIG. 1 illustrates an electric motor with an external rotor 

according to the invention. 
[0014] FIG. 2 is a sectional view of the electric motor taken along 

line 2-2 of Fig.l. 
[0015] FIG. 3 is a sectional view of the electric motor taken along 

line 3-3 of Fig. 2. 
[0016] FIG. 4 is a perspective view of one coil module of the sta- 

tor according to the invention. 
[0017] FIG. 5 is a perspective view of the rotor cage according to 

the invention. 

[0018] FIG. 6 is a perspective view of a jig for assembling the sta- 



tionary magnets of the rotor cage. 

[0019] FIG. 7 is a perspective assembly view showing the major 
steps of assembly for the stator. 

[0020] FIG. 8 is an assembly view showing the major steps of as- 
sembly of the rotor to the stator. 

[0021] FIG. 9 is a perspective view of a treadmill incorporating 

the electric motor with external rotor according to the in- 
vention. 

[0022] FIG. 10 is a perspective view of a portion of a materials 

handling system incorporating the electric motor with ex- 
ternal rotor according to the invention. 

[0023] FIG. 11 is a longitudinal sectional view of the second em- 
bodiment electric motor illustrating the spatial relation- 
ship between the shaft, rotor, and stator of the second 
embodiment. 

[0024] FIG. 12 is a sectional view taken along line 12-12 of Fig. 
11. 

[0025] FIG. 13 is a plan view of the shaft illustrating an angled 
keyway. 

[0026] FIG. 14 is an enlarged partial sectional view of the one end 
of the shaft illustrating the internal passage for electrical 
conduits. 

[0027] FIG. 15 is a longitudinal sectional view of the stator 



mounted to the shaft and excluding the rotor and end 
caps for clarity. 

[0028] FIG. 16 is a sectional view taken along line 16-16 of Fig. 

15 with the shaft removed for clarity. 
[0029] FIG. 17 is a longitudinal sectional view of the rotor and 

housing with the stator, shaft, and end caps removed for 

clarity. 

[0030] FIG. 18 is a sectional view taken along line 18-18 of Fig. 

17 and illustrating the change of direction of the magnetic 

flux for the stator. 
[0031] FIG. 19 is an end view of an end cap for closing an open 

end of a housing for the electric motor according to the 

invention. 

[0032] FIG. 20 is a sectional view taken along line 19-19 of Fig. 
19. 

[0033] FIG. 21 is an end view of a cover for sealing the cover rel- 
ative to the shaft. 

[0034] FIG. 22 is a sectional view taken along line 22-22 of Fig. 
21. 

[0035] FIG. 23 is an exploded view of the mounting block ac- 
cording to the invention. 

[0036] FIG. 24 is an end view of an assembled motor according to 
the invention mounted to the mounting block. 



[0037] FIG. 25 is a plan sectional view of the mounting block and 
a portion of the motor taken along line 25-25 of Fig. 24. 

[0038] FIG. 26 is a plan sectional view of the mounting block and 
a portion of the motor similar to Fig. 24 in an alternate 
arrangement. 

[0039] FIG. 27 is a cross sectional view of a one variation of a 

third embodiment of an electric motor with external rotor 
according to the invention. 

[0040] FIG. 28 is a cross sectional view of a second variation of 
the third embodiment of the motor according to the in- 
vention. 

[0041] FIG. 29 is an exploded view of the third embodiment of 

the motor according to the invention. 
[0042] FIG. 30 is a cross sectional view taken along line 30-30 in 

Fig. 28. 

[0043] FIG. 31 is a cross sectional view of a portion of the motor 
shown in Fig. 28. 

[0044] FIG. 32 is a cross sectional view of an extension portion of 
the motor shown in Fig. 28. 

[0045] FIG. 33 is an exploded left hand view of a sensor assembly 
according to the invention. 

[0046] FIG. 34 is an exploded right hand view of the sensor as- 
sembly of Fig. 33. 



Detailed Description 

[0047] pigs. 1-3 illustrate a first embodiment of an electric motor 
10 in accordance with one aspect of the invention along 
with a control system 12 for controlling the operation of 
the electric motor 10. The electric motor 10 comprises a 
stator 20 positioned within a rotor 22. The stator 20 com- 
prises a shaft 24 on which are fixedly mounted multiple 
winding assemblies 26 (see also FIG. 4), separated by a 
spacer 28. Locking washers 30 fix the winding assemblies 
26 on the shaft 24 relative to the spacer 28. 

[0048] The shaft 24 preferably has at least hollow end portions to 
form a conduit for the passage of electric wiring and the 
like as needed from the winding assemblies to the motor 
exterior. The shaft 24 has a centrally located large diame- 
ter portion 24a divided by a collar 36 that interacts with 
the spacer 28 to limit the longitudinal movement of the 
spacer 28 along the shaft 24 during assembly. The shaft 
includes multiple reduced diameter portions 24b, 24c, 
and 24d on each end of the large diameter portion 24a. 
The junction of each stepped-down diameter portion 
24a-d creates a corresponding shoulder 25b, 25c, and 
25d. A key 38 extends longitudinally along the shaft 24. 

[0049] The spacer 28 comprises a central hub 31 and a periph- 



eral wall 33 connected by a web 34. Multiple openings 35 
extend through the web 34. A radial opening 37 extends 
through the peripheral wall 33 and intersects the web 
opening 35 to fluidly connect the exterior of the periph- 
eral wall 33 with the space between the peripheral wall 33 
and the hub 32. One end of the hub 32 includes an annu- 
lar stop 39 extending into the central opening and is 
sized to abut the shoulder 36 of the shaft when the hub 
32 is slidably mounted onto the shaft and thereby limit 
the longitudinal movement of the spacer. 
[0050] The winding assemblies 26 each include a winding core 
40 comprising a plurality of axially aligned disks 42 hav- 
ing an axial opening 44 and a keyway 46. The aligned ax- 
ial openings 44 and keyways 46 of the plurality of disks 
40 form an axial opening and keyway for the winding core 
40. 

[0051] The periphery of each disk 42 is formed with multiple 
winding poles 50, which are preferably spaced at 
40-degree increments about the disk 42 and are sepa- 
rated by tabs 52. The aligned winding poles 50 define a 
winding axis 51. A winding channel 54 is formed about 
the periphery of each winding pole 50 and is sized to re- 
ceive a winding 56 having a central pass through opening, 



permitting the winding 56 to be slidably mounted onto 
the winding pole 50. 

[0052] a winding 56 is provided for each of the winding poles 50. 
The windings 56 are preferably formed from multiple 
windings of electrically conductive wire whose interstitial 
spaces are filled with an epoxy and heated to cure the 
winding into a rigid structure. Each winding is connected 
to the electrical control system 12 through a lead 58 (Fig. 
2) passing through the hollow interior of the shaft 24. 

[0053] The rotor 22 comprises a rotor cage 60, preferably an 

aluminum casting, having a generally cylindrical body 62 
from whose outer surface extends pairs of parallel fingers 
64, defining therebetween magnet slots 66. The magnet 
slots 66 are spaced at approximately 60-degree intervals 
about the periphery of the body 62. The body 62 has 
openings 68 located within the magnet slot 66. 

[0054] The rotor 22 further comprises magnet assembly 70 com- 
prising a cover 72, preferably made of steel, and two pairs 
of magnets 74. The magnets 74 are preferably positioned 
on the cover 72 so that the magnets 74 will fit within the 
magnet slots 66 of the body 62 when the cover 72 is po- 
sitioned within the magnet slots 66. 

[0055] The electric motor 10 further comprises an exterior hous- 



ing 80 in which the rotor cage 60 is slidably received and 
the stator 20 is slidably received within the rotor cage 60. 
The housing is preferably made of carbon steel. The end 
of the housing 80 is closed by end caps 82, which are 
preferably made of aluminum. The end caps 82 comprise 
a central hub 84 having a recess in which is slidably 
mounted a ceramic bearing 86, which is held within the 
hub 84 by a snap ring or similar retainer 88, received 
within an axial groove near the interior opening of the re- 
cess. 

[0056] The central hub 84 is connected to a peripheral wall 90 by 
a radial web 92. The peripheral wall 90 has an outer di- 
ameter substantially equal to the inner diameter of the 
housing. The radial web 92 includes an annular stop 94 
extending radially beyond the peripheral wall 90. The an- 
nular stop 94 has an outer diameter greater than the inner 
diameter of the housing 88 and limits the insertion depth 
of the end cap peripheral wall 90. A series of fins 96 are 
formed in the radial web 92 and extend axially inwardly 
and outwardly therefrom. The fins 96 aid in the cooling of 
the interior temperature of the electric motor 10 as the 
motor rotates. In essence, the fins 96 function as a heat 
sink, which are air-cooled. 



[0057] The end caps 82 further include a cover 98 having an ax- 
ial opening 100 into which extends an annular stop 102. 
Concentric rings 104 are formed in the cover 98 and cor- 
respond to concentric rings 106 on the exterior of the end 
cap 82. The concentric rings 104 and 106 nest when the 
cover 98 is slidably mounted onto the shaft 24 and form a 
labyrinth seal to block the introduction of dust and other 
particles into the interior of the motor. 

[0058] The control system 12 comprises a Hall sensor 110 lo- 
cated on the shaft 24 and corresponding elements 112 
mounted on the rotor cage 60. The elements 112 are po- 
sitioned to correspond with the poles of the magnets 74. 
The Hall sensor 110 is connected to an electrical circuit 
(not shown) that alters the direction of the current passing 
through the windings 56 to propel the rotor cage 60 
about the stator 20. This type of electrical control is 
widely known and will not be described in greater detail. 
Assembly of the First Embodiment of the Electric Motor 

[0059] The assembly description below contains many steps. The 
sequence of many of these steps is not important. There- 
fore, the assembly description is mainly for illustrating the 
steps needed to assemble the electric motor 10 and the 
interconnection of the various parts. The assembly de- 



scription is not intended to be limiting in the sequence of 
the assembly steps. 

[0060] Referring to Fig. 6, the assembly of the electric motor 10 
begins by assembling the magnets 74 to the cover 72. 
The magnets 74 are preferably made from neodymium, 
which has a very high magnetic density. For example, 
each of the magnet pairs for one magnet slot 66 has 350 
pounds of separation force. Given the large magnetic 
density and the correspondingly large magnetic forces for 
the magnets 74, it is imperative that the magnets be han- 
dled with care and not brought within close proximity to 
each other or to another magnetic object during assem- 
bly, unless it is desired for the magnets to magnetically 
couple with the object. 

[0061] Referring to Fig. 6, in assembling the magnets, a jig 120 
comprising a base 122 and a cover 124 is provided to at- 
tach the magnets 74 to the cover 72 in a predetermined 
orientation so that the magnets will fit within the magnet 
opening 68 in the body 62 of the rotor cage 60. The jig 
bottom 122 has a U-shaped cross section defining a 
channel 126, which is sized to slidably receive the cover 
72. Positioning openings 128 are provided in the channel 
126 at a spacing corresponding to the spacing of the 



openings 68 in the magnet slots 66. 
[0062] jo assemble the magnets 74 to the cover 72, the magnets 
in pairs are positioned within the positioning openings 
128. The openings are sized so that the tops of the mag- 
nets 74 are co-planar with or slightly below the bottom of 
the channel 126. The cover 124 is then placed atop the jig 
bottom 122 to close the open top of the channel 126. The 
cover is preferably clamped in place to the jig 120. The 
magnet cover 72 is then slidably inserted into one of the 
open ends of the jig 120. As the steel magnet cover 72 
encounters the magnets 74, the magnets will attach 
themselves to the magnet cover 72. The coefficient of fic- 
tion between the magnet cover 72 and the magnets 74 is 
sufficiently low enough that a relatively small force 
(approximately 70-80 pounds for the magnets of the in- 
vention) is required to slide the cover 72 with respect to 
the magnets 74 as compared to the separating force 
(approximately 350 pounds) to pull the magnets off of the 
cover 72. If need be, a small amount of lubricant can be 
placed on either the cover 72 or the magnets 74 to reduce 
the coefficient of friction and thereby reduce the force 
needed to slide the cover 72 over the magnets 74. When 
the cover 72 is completely positioned within the jig 120, 



the jig cover 124 is undamped and removed. The magnet 
cover 72 is then lifted out of the open top of the channel 
126, carrying with it the magnets 74, which are properly 
oriented for insertion into the rotor cage 60. 

[0063] The process of mounting the magnets 74 to the magnet 
cover in their predetermined position is repeated for the 
number of magnet assemblies 70 required for the partic- 
ular rotor cage 60. As illustrated, six magnet assemblies 
70 are required. However, fewer or more magnet assem- 
blies may be used depending on the size of the motor. 
The completed magnet assemblies 70 should be stored 
far enough away from each other after assembly to avoid 
the magnets of one magnet assembly from coupling with 
another magnet assembly. 

[0064] once the magnet assemblies 70 are assembled, they are 
placed into the magnetic slot 66 of the rotor cage 60, 
preferably by simultaneously punching the magnet as- 
semblies 70 within the magnet slot 66. Since the rotor 
cage 60 is preferably made from a non-magnetic material, 
such as aluminum, the magnetic interaction between the 
magnets 74 and the rotor cage 60 is not of great impor- 
tance. 

[0065] Moving on to the assembly of the stator 20, initially, each 



winding core 40 is assembled in a traditional manner. The 
windings 56 are slidably mounted over the winding poles 
50. This process is repeated for the number of winding 
assemblies needed for the particular motor. As illustrated, 
the electric motor 10 requires only two winding assem- 
blies 26. However, it is within the scope of the invention 
for less or more winding assemblies to be needed and is 
dependent upon the particular operational parameters, 
especially power output, of the electric motor 10. For a 
given winding assembly 26, the more winding assemblies, 
the more power the motor will generate. 
[0066] Referring to Fig. 7, once the winding assemblies 26 are 
completed, the stator 20 is assembled by mounting the 
winding assemblies 26, spacer 28, and one of the end 
caps 82 to the shaft 24. Initially, the spacer 28 is slidably 
mounted onto one end of the shaft until the annular stop 

37 abuts the shaft collar 36. The winding assemblies 26 
are then oriented relative to the shaft 24 so that the key- 
way 46 in the winding assemblies 26 aligns with the key 

38 on the shaft 24. The winding assemblies 26 are slid 
onto the shaft 24 until the winding cores 40 abut the hub 
32 of the spacer 28. The locking washers 30 slidably 
mount over the opposing ends of the shaft into abutting 



relationship with the winding core 40, and lock in place to 
hold the winding core 40 against the spacer 28, which is 
in abutting relationship with the shaft collar 36. 

[0067] it j S worth noting that when the winding assemblies 26 
are mounted to the shaft 24, the inner ends of the wind- 
ings 56 are received between the peripheral wall 33 and 
hub 32 of the spacer 28. The ends of the hub 32 and the 
peripheral wall 33 are in abutting relationship with the 
winding core 40 to effectively close off the open ends of 
the spacer 28 and enclose the ends of the windings 56 
therein. Thus, the inner ends of the windings 56 are re- 
tained within the closed interior of the spacer 28 through 
which access is provided by the web openings 35 and the 
corresponding peripheral wall openings 37. 

[0068] a resin material is injected into the closed interior of the 
spacer 28 through the peripheral wall openings and web 
openings 35. A sufficient quantity of resin is injected to 
completely fill the interior of the spacer 28. The stator 
subassembly of the shaft 24, winding assemblies 26, and 
spacer 28 filled with resin, is heated to a temperature 
suitable to cure the resin. 

[0069] The stator subassembly obtained from the shaft 24, wind- 
ing assemblies 26, spacer 28, and baked resin fill yields a 



structure having a bending stiffness much greater than 
that of the shaft 24 alone. The increased stiffness is at- 
tributable to the effectively increasing cross-sectional 
area of the subassembly in light of the close fit between 
the winding cores 40 and the shaft 24, the compressive 
mounting between the winding cores 40 and spacer 28, 
and the resin filled spacer 28. The lines 130 in FIG. 2 rep- 
resent an effective diameter of a shaft made in accordance 
with the shaft 24, but having the effective stiffness of the 
subassembly. 

[0070] it should be noted that it is presumed by this time that the 
electrical leads for the windings 56 are connected to the 
electrical conduits extending through the interior of the 
shaft 24. Since the connection of the electrical leads is 
well known and does not form a substantive portion of the 
invention, it will not be described in greater detail. It 
should also be noted that the Hall sensor 110 is mounted 
to the shaft 24 in a traditional manner after the shaft sub- 
assembly is completed. 

[0071] once the shaft subassembly is completed, one of the end 
caps 82, which already has its ceramic bearing 86 in- 
stalled, is mounted onto the end of the shaft 24 by sliding 
the shaft through the opening in the hub 84 of the end 



cap until the end of the bearing abuts the shoulder 25c of 
the reduced diameter portion 24b of the shaft 24 and 
cover stop 102 abuts the shoulder 25d on the reduced di- 
ameter portion 24c of the shaft 24. 

[0072] Referring to OLE_LINKlFigOLE_LINKl. 8, the shaft sub- 
assembly along with the corresponding end cap 82 is sl- 
idably mounted within the rotor body 62. As the first 
winding assembly 26 is received within the interior of the 
rotor cage body 62, the magnets 74 will pull the windings 
into contact with the magnets. As with the mounting of 
the magnets 74 to the magnet cover 72, although the 
magnets have a very strong separation force, the coeffi- 
cient of friction is sufficiently low enough that the stator 
subassembly can be slid within the interior of the rotor 
cage body 62. If necessary, a lubricant can be positioned 
on either the shaft subassembly or the interior of the rotor 
cage body 62 to enhance the ease of sliding. 

[0073] The subassembly of the starter and rotor is slidably 

mounted within the housing 80. Upon the insertion of the 
rotor/stator subassembly, the magnets 74 will couple with 
a portion of the housing 80, resulting in the longitudinal 
axis of the housing 80 and the shaft 24 being slightly off- 
set. As the rotor/stator subassembly is completely in- 



serted, the tapered surface 120 on the end cap peripheral 
wall 90 will contact an edge of the housing and center the 
shaft 24 relative to the housing 80 at that end. The wedge 
effect of the tapered surface 120 uncouples some of the 
magnets from the housing 80, resulting in a skewing of 
the housing and shaft longitudinal axis. 
[0074] Although not necessary, it is preferred that the inner sur- 
face of the housing have one or more embossments and 
the peripheral wall 90 of the end cap 82 have a corre- 
sponding number of indentations or grooves so that upon 
the insertion of the end cap peripheral wall 90 into the 
open end of the housing 80, the embossments will 
slightly deflect the peripheral wall 90 until they are re- 
ceived within the corresponding indentations or grooves 
to effectively lock the end cap 82 to the end of the hous- 
ing 80. 

[0075] jo complete the assembly of the electric motor 10, the 
other end cap 82 is slidably mounted onto the opposing 
end of the shaft 24. It should be kept in mind that given 
the strength of the magnets 74 at least a portion of one 
side of the stator 20 will be in physical contact with the 
interior of the rotor cage body 62, resulting in the shaft 
24 being slightly off axis with respect to the housing 80. 



The outer ends of the peripheral wall 90 of the end cap 82 
are slightly tapered 120. With this configuration, as the 
second end cap 82 is inserted into the open end of the 
housing 80, the tapered or wedge-shaped outer edge of 
the peripheral wall 90 of the end cap 82 will contact the 
inner edge of a portion of the housing 80. The continued 
insertion of the peripheral wall 90 into the end of the 
housing 80 will start to align the longitudinal access of 
the shaft with the axially aligned longitudinal axes of the 
housing 80 and the rotor cage 60. Upon the complete in- 
sertion of the end cap 82, the winding assemblies 26 will 
be pulled away from their contact with the inner surface of 
the rotor cage body 62. The cover 98 is then slidably 
mounted over the shaft to close off the central hub 84 and 
seal the ceramic bearings 86 with respect to the atmo- 
sphere. 

[0076] | n the assembled position, there is approximately a .5 mm 
gap between the exterior of the winding assemblies 26 
and the interior of the rotor cage body 62. Given the very 
great magnetic forces of the magnets 74, there is a ten- 
dency for the magnets to couple with the housing 80, 
which is fortunately resisted by the extraordinary stiffness 
of the stator subassembly. A motor according to the in- 



vention as described above produces peak power of 3.0 
kilowatts and can operate at a steady state of 1.6 kilo- 
watts at approximately 850 rpm with an efficiency of ap- 
proximately 95%. The maximum constant torque pro- 
duced is 18.2 Nm. The performance of the motor 10 is 
very great considering the relatively small size of the mo- 
tor 10. The housing 80 has a length of approximately 417 
mm and a diameter of 114.3 mm. Each winding assembly 
26 is approximately 135 mm long. 
Operation 

[0077] The operation of the motor is controlled in a well-known 
fashion and will only be described in general details. As 
with all DC electric motors, the rotor is advanced relative 
to the stator by changing the polarity of the poles on the 
stator to either pull or push the permanent magnets on 
the rotor as the case may be. The stator according to the 
invention has nine poles 51 formed by the windings 56 
disposed at approximately 40-degree intervals about the 
periphery of the stator. The permanent magnets on the 
rotor are spaced at 60-degree increments about the pe- 
riphery of the rotor. The permanent magnets have a width 
slightly greater than the width of the winding. 

[0078] when one permanent magnet pole is centered over one 



winding pole, the next permanent magnet is generally 
centered directly between the next to adjacent poles, with 
a portion of the permanent magnet overlying a portion of 
each of the windings. The subsequent magnet 74 is once 
again centered over a winding pole 51. Given the fixed 
physical relationship between the poles of the magnets 74 
and the windings 56, the Hall sensor 110 can be used to 
sense the pole location of the magnets and output a cor- 
responding signal, which is used by the electronic control 
12 to change the direction of the current passing through 
the windings to flip the polarity of the windings as needed 
to push or pull the magnet 74 as needed to continue the 
rotation of the rotor. Only one Hall sensor is required 
since the number of permanent magnets and windings are 
known and spaced at known relationships. However, a 
Hall sensor could be positioned about the stator for all or 
some of the poles of the windings 56 if desired. 
[0079] The electronic control is capable of not only advancing the 
rotor relative to the stator, it can also reverse the direction 
of the rotor with respect to the stator. Similarly, the elec- 
tronic control can effectively be used to brake either the 
advance or reverse operation of the electric motor. The 
techniques for advancing, reversing, and braking the elec- 



trie motor by electronic control are well known and are 
not described in detail. 

[0080] The speed of the motor is controlled by adjusting the 

magnitude of the voltage applied to the windings. As the 
voltage increases, the speed of the motor increases pro- 
portionately. Thus, a simple and well-known voltage con- 
trol is all that is needed to control the speed of the motor. 
An advantage of using voltage control for controlling the 
speed of the motor is that the speed is essentially contin- 
uously adjustable within the limitations of the voltage 
supply to the electric motor and the internal resistance of 
the particular machine being driven by the motor. 

[0081] During steady state operation, the motor will generate ap- 
proximately 80 watts of heat energy. Given the small size 
of the motor compared to the power and heat it gener- 
ates, it is important to dissipate the heat, especially given 
the negative performance impact the heat can have on the 
magnets 74. The fins on the end caps 82 function as an 
air-cooled heat sink to dissipate the heat energy emitted 
by the motor. As is seen in Fig. 2, the fins extend from the 
interior of the end cap to the exterior. The interior loca- 
tion of the fins aids in forcing air circulation within the in- 
terior of the motor and eliminating areas of heat build up. 



The rotation of the motor effects the rotation of the fins 
to circulate the air within the housing. An air circulation 
pattern within the housing can develop longitudinally by 
passing through the open spaces between the magnet 
slots 66 on the body 62. The fins on the end caps along 
with the shape of the rotor cage form a forced-air air- 
cooled heat sink that removes the heat energy without 
adding complexity to or increasing the size of the motor. 
Applications 

[0082] pig. 9 illustrates one possible application for the electric 
motor 10 according to the invention. Fig. 9 shows a 
treadmill 140 comprising a deck 142. On one end is 
mounted an electric motor 10 according to the invention 
and on another end is mounted a roller 144. A belt 146 is 
entrained about the housing 80 of the electric motor 10 
and the roller 144 encaptures the deck therebetween. 
Since the belt 146 physically contacts the housing 80 of 
the electric motor 10, the rotation of the housing 80 will 
rotate the belt of the treadmill. 

[0083] The electric motor 10 as described above preferably oper- 
ates between 2 and 12 mph with corresponding power re- 
quirements of 0.27 kilowatts at 142 rpms and 1.60 kilo- 
watts at 854 rpms. 



[0084] pig. 10 illustrates another application for the electric mo- 
tor 10. In Fig. 10, a simple materials handling system is 
illustrated comprising a conveyor 150 having a deck 152, 
with the motor 10 mounted at one end and one or more 
rollers 154 mounted at various locations on the deck 152. 
A conveyor belt 156 is entrained about the rollers 154 and 
the electric motor 10. The rotation of the housing 80 af- 
fects the movement of the conveyor belt 156. 

[0085] | n either of these applications, the invention is advanta- 
geous over prior electric motors in that it has a relatively 
small diameter (114 mms) while having a relatively high 
output (1.6 kilowatts) for steady state operation. The low 
profile of the electric motor 10 permits its use in a variety 
of applications where there are limited space require- 
ments. The reduced profile also reduces the size of the 
belt and inertial braking problems associated with larger 
diameter traditional motors. 

[0086] Another advantage of the electric motor according to the 
invention is that the power output of the motor can be in- 
creased by simply adding on four winding assemblies 26 
along with the necessary intervening spacers 28. Such a 
configuration will, of course, require a longer shaft 24. 
However, unlike prior designs, the length of the shaft is 



generally unimportant because the additional winding as- 
sembly 26 can include additional spacers 28, which to- 
gether, form an effectively larger diameter shaft that 
greatly reduces deflection that was inherent in prior art 
motors, eliminating the negative result of the shaft de- 
flecting sufficiently to permit the rotor and stator to con- 
tact during operation. 
Second Embodiment 

[0087] pigs. 11-12 illustrate a second embodiment electric motor 
210 according to the invention. The second embodiment 
electric motor 210 comprises many components physi- 
cally and functionally similar to or identical with the first 
embodiment electric motor 10. Therefore, to the extent 
possible, components of the second embodiment similar 
to those of the first embodiment will have a similar identi- 
fying numeral increased by 200. 

[0088] The electric motor 210 includes an electric control system 
2 12 that contains all of the electronics for controlling the 
operation of the electric motor 210. The electric control 
system is identical to the control system 12 and is there- 
fore not shown. The electric control system 12 can be ac- 
complished by many well known control systems and does 
not form any fundamental portion of this invention. 



Therefore, it will not be described in detail. In general the 
control system 12 should be capable of directly or indi- 
rectly monitoring the location of the poles of each winding 
in relation to the pole of the permanent magnets and us- 
ing this information to control the switching of the current 
through the windings to effect the rotation of the rotor 
(forward or reverse), motor speed (generally by changing 
the amplitude of the voltage), motor acceleration/decel- 
eration, which can include braking. 

[0089] The electric motor 210 comprises a stator 220 mounted 
within a rotor 222. The stator 220 is fixedly mounted to a 
non-rotating shaft 224. The rotor 222 is rotatably 
mounted to the shaft 224. The ends of the shaft are 
fixedly held by mounting blocks 225, which mount the 
shaft to a structural element of the conveyor system or a 
structural element of the particular application. 

[0090] Referring to Figs. 13 and 14, the shaft 224 comprises a 

constant diameter central portion 224A that terminates at 
one end at an annular shoulder 224B and at another end 
in an annular neck 224C. The annular neck 224C transi- 
tions to a locking ring portion 224D, which then transi- 
tions into a reduced diameter sensor mounting portion 
224E. An annular groove 224F is disposed between the 



sensor mounting portion 224E and a bearing mounting 
portion 224G. A reduced diameter key 224H extends from 
the bearing mounting portion 224G. The other end of the 
shaft 224 outward from the annular shoulder 224B is sim- 
ilar in structure in that it includes an annular groove 224F, 
bearing mounting portion 224G and a key 224H. A stator 
keyway 2241 extends along the length of the central por- 
tion 224A between the ends and is oriented at a 10 de- 
gree angle relative to a longitudinal axis 224J of the shaft 
224. The keyway 2241 is optional for reasons explained 
later in discussion of the assembly. An electrical conduit 
224K is provided in one end of the shaft and provides a 
passageway for electrical wiring from the control system 
to the windings and any internal sensors. 
[0091] Referring to Figs. 15-16, the stator 220 comprises a sin- 
gle winding assembly 226 fixedly mounted to the shaft 
224 in comparison to the multiple winding assemblies 26 
of the first embodiment. The single winding assembly 226 
is similar in structure to the winding assemblies of the 
first embodiment in that it comprises a winding core 240 
about which multiple windings 256 are mounted. The 
winding core 240, as with the winding core 40, comprises 
a plurality of disks or plates 242. The plates form a series 



of winding poles 250 when they are mounted on the shaft. 
Each of the winding poles 250 terminates in a cap 252, 
which effectively retains the winding 256 thereto. The 
winding poles 250 are separated by winding channels 
254. 

[0092] The windings 256 are traditional and comprise wire 

wound about the winding poles 250. The winding chan- 
nels 254 are filled with a resin, preferably a two compo- 
nent epoxy resin, to reduce vibrations. 

[0093] The winding poles 250 are preferably spaced every 20°on 
center about the plates. The opposing ends of each of the 
winding poles are preferably radially offset 20°relative to 
each other, resulting in the opposing ends of adjacent 
winding poles being radially aligned. In other words, pre- 
suming a given direction of rotation, each winding will 
have a leading end and a trailing end. The trailing end of 
one winding is radially aligned with the leading end of the 
trailing winding. 

[0094] Referring to Figs. 11, 12, 17, and 18, the rotor 222 for the 
second embodiment electric motor 210 is different than 
the first embodiment electric motor 10 in that a rotor 
cage is not necessary since the permanent magnets are 
mounted directly to the exterior housing. The second em- 



bodiment rotor 222 comprises a housing 280 in which are 
slidably received multiple metal rings 260. 

[0095] The housing 280 is essentially identical to the housing 80 
of the first embodiment. The housing 280 has a generally 
cylindrical shape with open ends 272. The exterior of the 
housing has a tapered portion 274 adjacent the open ends 
272. An annular collar 276 is positioned within the hollow 
interior of the housing and forms a demarcation between 
a first inner diameter 278 and a second inner diameter 
280. The first inner diameter corresponds to the outer di- 
ameter of the rings 260. The second inner diameter 280 
extends from the collar 276 to the open end 272 and is 
greater in diameter than the first inner diameter 278. 

[0096] jhe metal rings 260 are bonded to the interior of the 

housing 280 once they are positioned at their desired lo- 
cation. Preferably, the metal rings are made from 
neodymium iron boron. In the illustrated embodiment, the 
rings have an outer diameter of 10.43 centimeters and an 
inner diameter of 9.83 centimeters. Each of the rings is 
3.35 centimeters wide, with 10 rings extending across the 
interior of the housing 280 for a total length of 33.5 cen- 
timeters. 

[0097] jhe metal rings 260 are magnetized after they are bonded 



to the interior of the housing 280. The magnetization of 
the metal rings 260 after their insertion and mounting to 
the housing 280 substantially eliminates the assembly 
difficulties associated with the first embodiment rotor re- 
lated to the strength of the neodymium iron boron mag- 
nets. 

[0098] Referring to Fig. 18, the metal rings 260 are magnetized 
in a manner such that each ring has segments 262 of al- 
ternating magnetic flux direction. The arrows 265 in Fig. 
16 show the direction of the magnetic field for the corre- 
sponding segment 262. Preferably, the segments 262 al- 
ternate in magnetic flux approximately every 30°on center 
about the ring 260. 

[0099] jhe 30°spacing of the segments 262 cooperates with the 
20°spacing of each of the winding cores such that as the 
leading end of one winding pole is rotating beyond a 
given segment 262, approximately one half (a 10° arc) of 
the trailing winding pole is disposed beneath the given 
segment. The overlap between the adjacent windings and 
the given segment results in a more continuous power 
output for the motor as compared to the first motor where 
there is no overlap in the windings relative to a given seg- 
ment or magnet. The amount of overlap between adjacent 



windings and a given magnet can vary depending on the 
power output requirements of the motor. 

[0100] The controller switches the current through the windings 
256 in much the same manner as the windings 56 to ef- 
fect the rotation of the rotor 220. In essence, the current 
is switched direction when the centerline of the perma- 
nent magnet passes the centerline of the corresponding 
winding so that the winding initially pulls the permanent 
magnet toward the winding centerline and then pushes 
the permanent magnet away from the winding centerline. 
It should be noted that the angular orientation of the 
windings relative to the longitudinal axis of the permanent 
magnets will typically lead to the switching of the current 
as the longitudinal center point of the permanent magnet 
passes the longitudinal center point of the winding. 

[0101] Referring to Figs. 19-20, end caps 282 are provided to 
close the open ends 272 of the housing 280. The end 
caps 282 are identical to the end caps 82 and comprise a 
central hub 284 defining a through opening 285 having a 
stop 287, which collectively form a seat for ceramic bear- 
ing 286. An annular groove 288 is located at the inner 
end of the central hub. A peripheral wall 290 connected 
by a radial web 292 extending from the central hub 284. 



A portion of the radial web 292 extends beyond the pe- 
ripheral wall 290 to form a peripheral stop 294. The tips 
of the peripheral wall 290 are tapered 291 to aid in the 
insertion of the end caps into the housing 280. Fins 296 
extend outwardly from the radial web 292. 
[0102] Referring to Figs. 21 and 22, a cover 298 is provided and 
has an axial opening 300 into which extends an annular 
stop 302. Concentric rings 304 are formed on the inner 
surface of the cover 298 and mesh with concentric rings 
306 circumscribing the central hub opening to form a 
labyrinth seal when the cover 298 is mounted to the end 
cap 282. 

[0103] pig. 23 illustrates the mounting block 225 according to 
the invention. The unique construction of the mounting 
block 225 damps vibrations of the motor in all directions 
while maintaining torsion stability so performance of the 
motor in applications is not compromised. The mounting 
block 225 comprises a generally U-shaped yoke 310 
where each arm312 has an aperture 314 extending 
through it to accommodate threaded mounting bolts 316. 
A pin 318 extending inwardly from each arm 312 receives 
an elastomeric bushing 320. A clamp 322 compressively 
retains the end key 224H by bolts 324. The clamp 322 



comprises a lower connection plate 326 and an upper 
connection plate 328, each designed to cooperate with 
the other to clamp the end key 224H. Both plates 326, 
328 have a centrally located key-shaped recess 330 com- 
plementary in shape to the end key 224H. Both also have 
a semi-cylindrical recess 332 open at each end and offset 
from a centerline A through each plate. The diameter of 
the semi-cylindrical recess is equivalent (or nearly so) to 
the diameter of the bushing 320. An aperture 334 is lo- 
cated between the key-shaped recess 330 and each semi- 
cylindrical recess 332 in each plate. The apertures 334 in 
the lower plate are preferably threaded. 
[0104] when assembled as shown in Fig. 24, the connection 
plates 326, 328 are secured to each other by bolts 324 
with the end key 224H of the motor nested in the key- 
shaped recesses 330, and the bushings 320 over the pins 
316 received in the semi-cylindrical recesses 332. Thus, it 
will be seen that the entire motor assembly is supported 
on the yoke 310 by the elastomeric bushings 320. With no 
metal-to-metal contact, vibrations generated by the mo- 
tor are fully absorbed by the bushings 320, thereby re- 
ducing noise. 

[0105] Moreover, the eccentric location of the semi-cylindrical 



recesses 332 enables use of the mounting block 225 with 
or without a cover plate 98, 298. It will be understood that 
use of the cover plate 98, 298 (see Figs. 2, 7, 11, and 22) 
is optional. As shown in Fig. 25, where the cover plate 
298 is used, for example, the connection plates 326, 328 
are positioned with a flush side 336 adjacent to the cover 
plate. On the other hand, in Fig. 26, where a cover plate is 
not used, the connection plates 326, 328 are positioned 
with a projecting side 338 adjacent to the motor to oc- 
cupy some of the space that would have otherwise have 
been occupied by the cover plate. 
Assembly of the Second Embodiment of the Electric Motor 

[0106] jhe assembly of the second embodiment electric motor 
210 will now be described. As with the first embodiment 
electric motor 10, the exact sequence of the assembly 
steps is not important to the invention. The assembly 
steps are merely described for a better understanding of 
the invention and the sequence should not be considered 
limiting. 

[0107] The assembly process in the stator 220 is critical to ob- 
taining the required stiffness so that the stator will resist 
deflection when it is subjected to magnetic forces. This is 
because the air gap between the rotor and the stator is 



very small, on the order of 1 mm. Changes in the air gap 
are naturally introduced by manufacturing tolerances and 
other influences. Different dimensions in the air gap be- 
tween one end of the motor and another will urge the sta- 
tor to bend or deflect, and too much deflection may result 
in contact between the rotor and the stator, effectively de- 
stroying power output from the motor. 
[0108] The stator 220 is assembled in one of two methods. The 
first method utilizes the keyway 224I if present in the 
shaft 224. A spacer 288 is placed over the shaft to bear 
against the annular shoulder 224B. Multiple plates 242, 
each having a key opening corresponding to the size and 
shape of the keyway 224I, are then slid onto the control 
end of the shaft 224, the first plate bearing against the 
spacer 288, and each succeeding plate bearing against 
the preceding plate. Each plate is preferably formed of 
stamped tin, having a thickness of .35 mm. Approximately 
980 plates are thus positioned on the shaft, the exact 
number depending on the length of the shaft and ulti- 
mately on the size of the motor. It has been found that 
the upper limit in length for the methods illustrated is 
about 20" for the motor. The key 246 of each plate is 
aligned with the shaft keyway 224I as the plates 242 are 



inserted thereon. The alignment of the plate key 246 with 
the shaft keyway 2241 and the sliding insertion of the 
plate 242 over the shaft 224 build the winding poles 250 
of the winding core 240. 
[0109] once the plates 242 are mounted on the shaft 224, a sec- 
ond spacer 288 is slidably mounted over the shaft and 
held in abutting contact with the plates 242. Importantly, 
the plates are then compressed against each other by, for 
example, a hydraulic press. The compression force is such 
as to create a lamination of plates, and is in a range of 6 X 
10 4 to 10 X 10 4 Newtons. A locknut 289 is then threaded 
onto the shaft against the spacer 288 with sufficient 
torque to hold the lamination together under compres- 
sion. The compression effectively makes the stator 3 
times stiffer than it would otherwise be, so as to resist 
bending moments introduced into the stator by the mag- 
nets of the rotor. The windings 256 are then formed by 
wrapping wire around the winding poles 250 in a tradi- 
tional manner. 

[0110] The second method of constructing the stator utilizes a 
jig or a cage when there is no keyway in the shaft 224. 
The cage is essentially a hollow cylinder having one or 
more guides protruding inwardly from the wall. The guide 



or guides extend the length of the cage and are disposed 
at an angle of 10° relative to the longitudinal axis of the 
cage. The guide is sized to correspond to a complemen- 
tary shaped guide or the gap between the poles in each of 
the plates. The plates are stacked in the cage, with the 
guides orienting the plates in the proper position adjacent 
to each other. A spacer 288 is disposed at each end of the 
stack. The shaft 224 is then pressed hydraulically into the 
center aperture of the plate stack until the spacer 288 on 
one end abuts the annular shoulder 224B. 

[° 111 ] In the same pressing action, or in a separate step, the 

plates are compressed into a lamination by the aforemen- 
tioned compression force and the lock nut is threaded on 
to the shaft to hold the lamination together. 

[0112] once the windings 256 are assembled around the winding 
poles 250, the stator 220 and rotor 222 can be assem- 
bled. Preferably, the stator 220 is slidably inserted into 
the interior of the rotor 222. Since the rings 260 will have 
preferably already been magnetized, the stator 220 will be 
drawn into contact with the magnetized rings 260 of the 
rotor 222. The stator 220 can then be slidably inserted 
through the interior of the rings 260 of the rotor 222. As 
with the first embodiment, a lubricant can be used to re- 



duce the coefficient of friction between the stator 220 and 
the rotor 222. 

[0113] The mounting of the end caps 82 and bearing 86 to the 
housing 280 is identical to that previously described with 
the first embodiment and will not be described in detail. 
Once the end caps 282, ceramic bearings 286, and cover 
298 are assembled, the assembly is ready to be mounted 
to the mounting blocks 225 as discussed above. 
Third Embodiment 

[0114] a third embodiment of the motor 410 according to the in- 
vention is illustrated in Figs. 27-32. The third embodi- 
ment electric motor 410 comprises many components 
physically and functionally similar to or identical with the 
second embodiment electric motor 210. Therefore, to the 
extent possible, components of the second embodiment 
similar to those of the first embodiment will have a similar 
identifying numeral increased by 200. 

[0115] The principal differences between the third embodiment 
and the second embodiment lie in length of the rotor 422 
and the structure of the sensors that detect the location of 
the winding at any given moment. In a variation of the 
third embodiment shown in Fig. 27, it can be seen that 
the rotor 422 and the shaft 424 are elongated so that 



there is a space between one end and the laminations on 
the stator. In other words, the lamination is not centered 
between the two ends of the motor. Centering is not criti- 
cal for the motor to function effectively. However, there is 
a limit to the length that can be achieved, that limit begin 
determined by the tendency of the shaft to deflect due to 
bending moments introduced by the magnets. 
[0116] | n order to obtain longer lengths for certain applications, 
such as treadmills, the variation of Figs. 28-32 has been 
found to be an acceptable solution. Looking first at Figs. 
28, 29 and 31, it will be seen that the motor portion 400 
has a coupling portion 402 extending past an end cap 
482. The coupling portion 402 has an open end 404 de- 
fined by an annular edge 406 at the end of the rotor 422. 
Just past the end cap 482 in the coupling portion 402 is 
an internal annular groove 408 and a plurality of aper- 
tures 500 extending through the wall of the coupling por- 
tion to the groove. At least one slot 502 is formed in the 
annular edge 406. It will be understood that the shaft 424 
of the stator 420 terminates at some point past the end 
cap 482. 

[0117] pigs. 28, 29, and 32 best illustrate an extension portion 
510 by which the motor portion 400 is extended in 



length. The extension portion 510 comprises a rotor ex- 
tension 512 and an axle assembly 514. The rotor exten- 
sion 512 is a cylindrical structure having essentially the 
same diameter, thickness, and composition of the rotor 
422. A proximal end 516 of the rotor extension 512 ter- 
minates in an annular edge 518, and, slightly inboard of 
the annular edge, and proximal annular shoulder 520. The 
distal end 522 of the rotor extension 512 is closed by an 
end cap 524 having essentially the same construction as 
the end cap 482 of the motor. The end cap 524 is prefer- 
ably secured to the rotor extension by press fit and/or by 
welding. A distal annular shoulder 526 lies inboard of the 
end cap 524. 

18 ] The axle assembly 514 comprises a support block 528 
and an axle 530. The support block 528 is a reinforced 
disk press fit into the distal end 522 of the rotor exten- 
sion 512 against the distal annular shoulder 526. The axle 
530 has a keyed end 532, and first and second bearing 
surfaces 534, 536 separated by an annular spacing boss 
538. A first bearing 540 is secured in a central opening 
542 of the support block 528 by a split ring 544 and a 
second bearing (preferably double) 546 is secured in the 
end cap 524 by another split ring 548. The axle is 



mounted with the first bearing surface 534 received in the 
second bearing 546 and the second bearing surface 536 
received in the first bearing 540. It will be understood that 
the longitudinal axis of the axle 530 is collinear with the 
longitudinal axis of the shaft 424. 
1Q ] A coupler 550 connects the extension portion 510 to the 
coupling portion 500. The coupler 550 is a hollow tube 
having a first annular edge 552 at one end and a second 
annular edge 554 at the other end. A radial rib 556 ex- 
tends outwardly from the tube near the first annular edge 
and has an outer diameter essentially equal to the outside 
diameters of the rotor 422 and the extension portion 510. 
The radial rib is bounded on one side a first annular 
shoulder 558 and on the other side by a second annular 
shoulder 560. The coupler 550 is secured to the extension 
portion 510 by press fit and/or welding with the first an- 
nular edge 552 of the coupler 550 abutting the proximal 
annular shoulder 520 of the rotor extension 510 and the 
proximal annular edge 518 of the rotor extension abut- 
ting the first annular shoulder 558 of the coupler. If 
needed, a weldment is disposed at the junction of the 
proximal annular edge 518 of the rotor extension and the 
first annular shoulder 558 of the coupler. 



[0120] Between the radial rib 556 and the second annular edge 
554 is an outer annular groove 562. Looking now also at 
Fig. 30, a split clamp ring 564 is disposed in the outer an- 
nular groove 562. The clamp ring 564 comprises two half 
rings each having a plurality of threaded apertures 566. 
The threaded apertures 566 are positioned to be in reg- 
istry with the apertures 500 in the coupling portion 402 of 
the rotor 400. Clamp ring bolts 568 are threaded into the 
apertures 566. A pair of locator pins 568, disposed 180° 
from each other, is mounted in the coupler 550 in the 
outer annular groove 562 to maintain location of the 
clamp ring 564 with the apertures 500 and 566 in reg- 
istry. When the clamp ring bolts 568 are turned out, the 
clamp ring 564 nests within the outer annular groove 562. 

[° 121 ] In this position, the second annular edge 552 of the cou- 
pler 550 can be received in press fit engagement into the 
open end 404 of the coupling portion 402 of the rotor 
422. Upon coupling, it will be seen that the second annu- 
lar edge 552 of the coupler 550 will abut the end cap 482 
and/or the annular edge 406 of the coupling portion 402 
will abut the annular shoulder 560 of the coupler 550. Si- 
multaneously, the clamp ring 564 comes into registry with 
the annular groove 408. when the clamp ring bolts 568 



are turned in, the clamp ring 564 is caused to move out of 
the outer annular groove 562 in the coupler 550 into the 
annular groove 408 in the coupling portion 402, thus 
clamping the coupler to the coupling portion. For further 
securement, a safety pin 570 projects from the coupler 
550 near the annular shoulder 560 to be received in the 
slot 502 to prevent rotation of the coupler relative to the 
coupling portion. 
[0122] The key 532 of the axle 530 is secured to a mounting 
block as described above and the outboard end of the 
shaft 424 is secured to another mounting block as de- 
scribed above. With the extension portion 510 thus se- 
cured to the rotor 402 and the alignment of the axle with 
the shaft, it will be apparent that rotation of the rotor will 
also rotate the extension portion. The motor can thus be 
used with wider belts, e.g., in treadmills, etc. 
Position Sensor 

[0123] The invention encompasses a novel position sensor 600 
best illustrated in Figs. 33 and 34, but equally applicable 
to all embodiments. The position sensor 600 comprises a 
mounting bracket 602 having a tubular portion 604, a 
flange portion 606, and reinforcing ribs 608 extending 
between the tubular portion and the flange portion. The 



tubular portion 604 has an inside diameter approximately 
equal to the outside diameter of the sensor portion 224E 
of the shaft 224 so that the bracket 602 can be received 
over the shaft and mounted thereto. A pinhole 610 in the 
tubular portion 604 is sized to receive a mounting pin 
612, with the bracket so positioned that it is in registry 
with a hole 614 in the shaft. When the pin 612 is press fit 
into both holes 610, 614, the bracket 602 will be fixedly 
secured to the shaft 224 with the flange portion 606 par- 
allel to and spaced from the last plate 242 in the stator. 

[0124] The flange portion 606 has several apertures 616, prefer- 
ably threaded, with spacers 618 surrounding each aper- 
ture. A sensor plate 620 also has several apertures 622, 
positioned to be in registry with the apertures 616 on the 
flange portion 606. The sensor plate 620 carries the sen- 
sors 624, 626 as explained in more detail below. 

[0125] The end cap 282 has a series of internal ribs 628 extend- 
ing radially from a hub 630. The hub 630 is sized to re- 
ceive the bearing 632 in conventional manner, and which 
is retained therein by a split ring 634. The annular end 
636 of the hub 630 is flat and at least a portion of the ad- 
jacent ribs 628 are flush with the annular end 636 to cre- 
ate an effective flat within which to receive an optical disk 



640. The optical disk is preferably thin steel (on the order 
of 0.2 mm thick) and has a track 642 of very thin, radial 
grooves (on the order of 0.1 mm wide). The radius of the 
track 642 is such that the number of groves exceeds 
1,000. The disk 640 is glued or otherwise fixed to the an- 
nular end 636 of the hub 630. A series of plates 644 ex- 
tend axially from the end cap 282 in alternating spaces 
between pairs of ribs 628. Each plate 644 is arcuate, fol- 
lowing the radius from the longitudinal axis of the hub 
630. 

[0126] a Hall effect sensor 624 comprises a series of C-shaped 
magnets 650 positioned on the sensor plate 620 so that 
the plates 644 will pass through the open space between 
the arms of each magnet. It will be understood that the 
end cap 282 is positioned relative to the windings so that 
the plates 644 will correspond to a given pole of the 
winding. Thus, as the plates 644 pass through the mag- 
nets 650, the Hall effect enables the sensor 624 to deter- 
mine the position of the winding at any given moment in 
the rotation of the rotor. 

[0127] if greater accuracy in determining the position is needed 
at any given moment, the second sensor 626 is an opto- 
reflector type comprising an illumination source (e.g. LED) 



directed toward the track 642 on the optical disk 640 and 
a receiver (e.g., an photo-electric transistor) to detect re- 
flections from the track. Each time a groove in the track 
642 passes the opto-reflector sensor, followed by a re- 
flection from the adjacent flat before the next groove 
passes, a corresponding pulse signal is generated and 
sent to the controller for processing. 
[0128] while the invention has been specifically described in con- 
nection with certain specific embodiments thereof, it is to 
be understood that this is byway of illustration and not of 
limitation, and the scope of the appended claims should 
be construed as broadly as the prior art will permit. 



